ABSTRACT : The scope of this study into the use of metallized polyvinylidene fluoride (PVDF) foil sensors in the detection of impact damage of graphite/epoxy plates is twofold. First, it establishes that low energy impact damage, undetectable through visual examination and ultrasonic C-scan, can be detected through the acousto-ultrasonic (AU) technique. Secondly, it assesses the utility of PVDF sensors in obtaining AU signals. The AU approach to verification of material integrity is based on the premise that structural flaws will cause a greater attenuation of the ultrasonic pulse when compared to the attenuation of the signal through unflawed material. Through AU technique, material structural integrity can be determined by comparative means. Graphite/epoxy test plates were ultrasonically C-scanned, the PVDF sensors were adhesively bonded to the test plates and used to evaluate the structural integrity prior to impact testing. The plates were then subjected to impact and subsequently ultrasonically C-scanned to determine signal attenuation due to impact damage. Pattern classification was used to correlate impact damage with waveform changes and investigate waveform pattern repeatability. Acoustic signal characterization was accomplished using ICEPAK software.
INTRODUCTION m HE
ASPECTS COMMON to both ultrasonic and acoustic emission (AE) nondestructive evaluation techniques provide the basis for acousto-ultrasonics (AU) [1] . AU differs from acoustic emission and more widely used ultrasonics such as C-scan in that it is not a method for the determination of flaw localization, size, or type. Through AU, detection of global collections of flaws and material anomalies related to the overall material integrity can be assessed [2] . Each evaluation technique is comprised of three stages-stress wave generation, propagation, and detection. In AE, the test structure is under dynamic loading and transient elastic waves are generated within the material under stress due to rapid release of strain energy occurring at localized sites within the material. In composite materials, these sources may be voids, matrix cracking, fiber breakage, or fiber/matrix disbonding. In ultrasonics such as C-scan, wave generation is accomplished via an electromechanical transducer coupled to the test structure through distilled water. Reception of the ultrasonic signal may be through the transmitting transducer (pulse-echo), or a separate receiving transducer (through-transmission) [3] . In AU, both the transmitting and receiving transducers are acoustically coupled directly to the test structure and the material is treated as a vibrating structure [4, 5] . Through the transmitting transducer, a mechanical excitation is applied to the surface of the test structure. The resulting vibration characteristics of the test structure have been shown [5, 6] [8, 9, 10] . Wave propagation is a function of frequency, where attenuation (decrease in amplitude) of wave motion increases with frequency in anisotropic materials [11] . Fiber reinforced composites exhibit high signal attenuation due to scattering and diffraction of waves through complex (anisotropic) fiber media and absorption of energy by the matrix and it is therefore necessary to examine lower frequency ranges [10, 11] . Use of a wideband transmitting transducer during AU evaluation allows a greater amount of information to be determined by the receiving sensor [4] . The theoretical waveform generated from a seismic surface pulse due to a point source is given in Figure 1 [18] . Refer to References [19] [20] [21] [22] [24] . Sub-surface structural damage can occur from matrix cracking which has been shown to reduce both compression and tensile strength in graphite/epoxy composites [6] .
TEST SET-UP Testing comprised three stages: ultrasonic C-scan, followed by acoustoultrasonic signal gathering, followed by cumulative impact of 3 and 9 hits of 34 J impact energy. The impact sites were confined to a 150 mm by 100 mm center area of the test plates. A test grid ( Figure 5) Figure 1 . The source transducer had an approximately flat sensitivity of -3 dB over a frequency band of 0.2 to 1 MHz. The PVDF receiver sensors were type SDTI-028K distributed by Pennwalt Corporation (Figure 3) . The received signals were amplified with a Tektronix MR-106 Receiver before being captured by the digital oscilloscope. The test plates were placed on a silicone rubber pad of 6 mm thickness mounted on a raised wooden platform with point contacts on a support table. The digitized waveforms were downloaded into MASP software, converted to ASCII readable files with ASYST software and classified with ICEPAK software. Impact was applied to the test plates in accordance with the procedures as outlined in ASTM D-2444, impactor Tup B.
TEST RESULTS Ultrasonic C-scan results are given in Figure 6 for 0° plate subjected to 0 impacts and 9 impacts. Through examination of the C-scan plots, the location of impact hits and extent of impact damage is not identifiable. Some loss of signal was indicated at the center of the plates, probably due to some permanent deformation of the plates (bending) due to impact in the center plate region. The peak frequency for the 0 plate was higher than that for the ±45° plate ( Figure 7) 
